medicinal plant by native Indians for treatment of various diseases 2, 6） . Rocky Mountain juniper has been a subject of numerous reports 1） . These reports showed the essential oil yield and composition are influenced by the variety 4） , by age of leaf material 7） , by male/female sex of the tree 8） , by the timing of sampling 8-10） . However, there are no reports on the effect of the length of the steam distillation process （distillation time, DT） on essential oil composition and yield. Literature reports usually cite 90 min or 120 min DT for some Junipers 11, 12） , i.e., most notably, the J. scopulorum used 120 min DT 1, 11, 13-15） . Distillation time has also been shown to significantly alter essential oil composition and yield of other plants such as ponderosa pine （Pinus ponderosa C. Lawson） 16） , coriander （Coriandrum sativum L.） 17） ; （Mentha×piperita L.） , lemongrass （Cym-bopogon flexuosus Steud.） , and palmarosa （Cymbopogon martinii Roxb.） 18） . We hypothesized that DT will affect oil composition, oil yield, and bioactivity of J. scopulorum leaf oil. Therefore, the objectives of this study were to assess the effects of 15 different DT （1. 25, 2.5, 5, 10, 20, 40, 80, 160, 240, 360, 480, 600, 720, 840 , and 960 min DT） on essential oil yield, oil profile, and antioxidant capacity of the leaf oil from male J. scopulorum; and to develop nonlinear regression models that describe the relationship between DT and yield and concentration of the essential oil fraction and specific essential oil constituents.
MATERIALS AND METHODS

Plant material and essential oil steam distillation
Samples for this study were generated from a single male tree （#273） from the shelterbelt tree project at the University of Wyoming Sheridan Research and Extension Center 19） . Samples from this #273 male tree were identified as J. scopulorum and deposited in the University of Wyoming herbarium by Bonnie Heidel, lead botanist, at the Wyoming Natural Diversity Database.
The distillation was performed on fresh mature leaf samples that included leaves and branches less than 2 mm in diameter. Immediately after harvest, samples were cut into 2.5-3 cm long pieces and loaded into the bioflasks of the steam distillation units. The essential oil was extracted using 2-L steam distillation units, described previously for Juniper distillation 12） , and for other essential oil crops such as peppermint and spearmint （Mentha spicata L.） 20, 21） . The following 15 different DT times were performed, all in 3 replications: 1. 25, 2.5, 5, 10, 20, 40, 80, 160, 240, 360, 480, 600, 720, 840 , and 960 min. The beginning of each DT was measured from the deposition of the first drop of essential oil; at the end of each DT when the electric power was cut off, the steam was removed, and the oil was collected. The essential oil samples' weights were measured on analytical scale. All essential oil samples were kept in a freezer at minus 5℃ until the compositional analyses.
Gas Chromatography Analysis of Essential Oil
The essential oil analyses of samples from each treatment and replicate were conducted on a Hewlett Packard gas chromatograph 6890 GC with an auto sampler （carrier gas helium, 40 cm/sec, 11.7 psi （60℃） , 2.5 ml/min constant flow rate; injection: split 60:1, 0.5 μL, inlet 220℃; oven temperature program: 60℃ for 1 min, 10℃/min to 250℃） . The GC column was HP-INNOWAX （cross-linked PEG; 30 m×0.32 mm×0.5 μm） , and the FID detector temperature was 275℃.
2.3 Antioxidant activity of selected male J. scopulorum essential oils The antioxidative capacity of the oil extracts was determined by the oxygen radical absorbance capacity （ORAC） method as described previously 22, 23） . Briefly, samples of essential oils were prepared for antioxidant capacity tests by mixing 10±1 mg oil with 1 ml of water, acetone （1:1） with 7％ methyl-β-cyclodextrins （w:v） . The fluorescent probe, fluorescein （8.16×10 -5 mM） , was incubated with different concentrations of Trolox （which served as the standard） and the oil samples for 10 min, 3 min of which was with shaking. After incubation, the reaction was activated by adding 153 mM 2, 2' -azobis （2-amidinopropane） hydrochloride, i.e., the radical initiator. All samples/standards were prepared in 96 well plates and monitored with a BMG Labtech FLUOstar Optima microplate reader （Durham, NC） . Fluorescence was measured every 1.5 min at an excitation and emission wavelength of 485 nm and 520 nm, respectively, until the decreasing fluorescence values plateaued. From these data, the area under the decay curve was calculated and the results are shown as μmole Trolox equivalents/g of oil extract. Each sample was tested in triplicate.
Statistical analyses of the data
The effect of distillation time on Essential oil content, and the concentration and yield of Alpha-Thujene, AlphaPinene, Camphene, Sabinene, Beta-Pinene, Myrcene, Alpha-Terpinene, Para-Cymene, Limonene, Gamma-Terpinene, Cis-Sabinene Hydrate, Terpinolene, Linalool/TransSabinene Hydrate, 4-Terpinenol, Pregeijerene-B, GammaMuurolene, Delta-Cadinene, Elemol, Alpha-Eudesmol/Beta Eudesmol, and 8-Alpha-Acetoxyelemol was determined using a one-way analysis of variance. For each response, the validity of model assumptions was verified by examining the residuals as described previously 24） . Since the concentrations of Camphene, Beta-Pinene, Gamma-Muurolene and Alpha-Eudesmol/Beta Eudesmol were all below 0.1, and normal distribution assumption could not be met, their results are not reported. While the normality assumption for most responses was met on the original scale, some responses required square root transformation. However, the means reported in the tables and figures are back-transformed values to the original scale. Since the effect of distillation time was significant （p-value＜0.05） on all responses, multiple means comparison was completed using Duncan' s Multiple Range test at the 5％ level of significance and letter groupings were generated. The analysis was completed using the GLM Procedure of SAS
25）
. The most appropriate model to describe the relationship between DT and EO content as well as the concentration and yield of the constituents was either the Power （convex） model （Eq. 1） or the Michaelis-Menten regression model （Eq. 2） . The relationships for the responses not shown in the figures were either very weak, or there was no relationship. Since both the Power （convex） and the Michaelis-Menten （Eq. 1 and Eq. 2） models are nonlinear, their parameters were estimated iteratively using the NLIN Procedure of SAS
.
Where Y is the dependent （response） variable, x is the independent （distillation time） variable, and the error term ε is assumed to have normal distribution with constant variance.
RESULTS
Essential oil yield as a function of DT
The essential oil yields varied between 0.07-0.09％ at 1.25 to 5 min DT and 1.48％ at 840 min DT （Table 1） . Generally, the essential oil yields increased stepwise with increasing DT at 20 min, then at 80 min, 160 min, 240 min, 360 min, 480 min, 600 min, 720 min, to reach maximum at 840 min DT （Table 1） . DT of 960 min did not change essential oil yield relative to the 840 min DT.
Essential oil composition as a function of the DT
Overall, the concentrations of the low-boiling constituents alpha-thujene （range 1.76-2.75％） , alpha-pinene （2.9-8.7％） , sabinene （45-74.7％） and also para-cymene （0.8-3.1％） were higher at the shortest DT and decreased with longer DT （Table 1, Table 2 , Fig. 1） . The concentration of myrcene （2.4-3.4％） was highest at 5 min and lowest at 960 min DT. A reverse trend was observed in the concentration of alpha-terpinene （0.16-2.9％） ; the concentration was low at shorter DT （1.25, 2.5, or 5 min） , and gradually increased V. D. Zheljazkov, T. Astatkie, E. A. Jeliazkova et al. to reach maximum at 720 min DT. The concentration of limonene （2.3-2.8％） was low at initial DT, increased with increasing DT and reached maximum at 360 to 480 min DT; further increase in DT reduced this concentration relative to the 360 or 480 min DT （Table 1, Fig. 1） . The concentration of gamma-terpinene （0.3-4.9％ ） （ Table 1） and terpinolene （0.3-1.4％ ） （ Table 2） were low at the first two or three initial DT, increased with longer DT, and reached maximum at 720 min DT. Longer DT relative to 720 min did not change the concentrations. The concentrations of cis-sabinene hydrate （0.5-0.97％） and linalool plus trans-sabinene （0.56-1.6％） increased with increasing DT to reach maximum at 40 min DT, and decreased with DT beyond 40 min yielding the lowest concentrations at 960 min DT （Table 1, Table 2 , Fig. 1） . The concentrations of 4-terpinenol （0.7-5.7％） and pregeijerene-B （0.06-1.4％） were low at the initial DT of 1.25 to 2.5 min, increased with increasing DT to reach maximum at 480 min and 360-480 min, respectively. The concentrations of delta-cadinene （0.06-1.65％） , elemol （0-6.0％） , and 8-alpha-acetoxyelemol （0-4.4.％） were very low at the initial DT, increased with DT and reached maximum at 840 min DT （delta-cadinene） or at 960 min DT （for the other two constituents） .
Yield of essential oil constituents
The yield of the essential oil constituents （a function of the oil yield and the concentration of individual constituents in the oil） generally increased with increasing DT （Table 3, Table 4 , Fig. 2, Fig. 3） . Maximum yields were obtained for the following constituents at 720 min: alpha-thujene, alpha-pinene, camphene, sabinene, myrcene, alphaterpinene, para-cimene, limonene, gamma-terpinene, terpinolene, and 4-terpinenol. At 840 min DT, cis-sabinene hydrate, prejeijerene-B, gamma muurolene, delta-cadinene, reached maximum yields. At 960 min DT, maximum yields of beta-pinene, elemol, alphaeudesmol/betaeudesmol, 8-alpha-acetoxyelemol were reached. Only linalool/transsabinene hydrate reached maximum yields at 360 min DT.
Regression modeling of concentration and yield of essential oil constituents
The fitted nonlinear regression models shown in the plots of Fig. 1 suggest that essential oil yield and the concentration of alpha-pinene, sabinene, myrcene, alpha-terpinene, para-cimene, gamma-terpinene, terpinolene, elemol, and 8-alpha-acetoxyelemol can be adequately modeled by the Power （Convex） model, whereas the concentration of 4-terpinenol and delta-cadinene can be described by the Michaelis-Menten model. On the other hand the relationship between DT and the yield of 10 of the constituents was adequately described by the Michaelis-Menten model, and that for the other 11 constituents was described by the Power （Convex） regression model （Fig. 2, Fig. 3） . The fitted models shown within each plot can be used to predict these response variables at any given DT.
Effect of DT on antioxidant activity
Essential oils from the 40, 160, 480 and 960 min were also tested for antioxidant capacity analysis （Table 5） . The oils from the 480 min DT showed higher antioxidant activity （41.8 μmole Trolox equivalents/g） compared to samples from the other DT. However, the oils from 40 min DT （21.6 μM Trolox equivalents/g） , 160 min DT （26.3 μmole Trolox equivalents/g） , and 960 min DT （25.4 μmole Trolox equivalents/g） were not significantly different from each other.
DISCUSSION
Results from this study confirmed the hypothesis that distillation time （DT） significantly alters essential oil yield, composition, and antioxidant capacity of Juniperus scopulorum.
Recently, 0.22％ and 0.58％ oil yield in dried leaves of J. scopulorum varieties "Skyrocket" and 'Cologreen' re- when DT was 90 min. However, results from our study demonstrated that DT of 840 min was required to obtain maximum oil yields from the male J. scopulorum leaves. This finding is quite different from the usual 120 min DT utilized in previous reports 11, 13-15） . In some instances in our study, the concentrations of individual constituents changed over 20 times depending on the DT. Other reports have demonstrated essential oil composition of the J. scopulorum leaf may depend on the variety 11, 18） , on the sex of the tree , and on the age of the leaves; young and mature leaves in J. scopulorum have different morphology 7） . Essential oils have been shown to be potent antioxidants 26） . The main characteristic of an antioxidant is its ability to trap free radicals 27） . If left unchecked, free radicals can damage cellular proteins, lipids, and DNA of mammalian cells, which in turn can lead to cancer, heart disease, arthritis, and many other debilitating diseases 28, 29） . Select essential oils have been shown to delay post-harvest infections and to extend shelf lives in foods due to their free radical scavenging ability 27） . For this study, the antioxidant capacities of oils collected at four different DT （40, 160, 480, and 960 min） were also monitored （Table 5） . The results obtained for each time point are higher than oils extracted from many types of natural systems 30） . In terms of DT, the antioxidant values were approximately 50％ higher at 480 min DT compared to the shorter DT and then decreased to these initial values with the longest DT （920 min） . Although these results track the concentration of select essential oils, particularly 4-terpinenol and pregerjerene-B, the overall antioxidative capacities could be due to synergistic or even inhibitory effects （at lower and higher DT） of various essential oils present in the complex extracts. Nonetheless, that Juniperus scopulorum oil extracts with optimal antioxidative capacities can be obtained by varying the DT.
This study identified the DT for obtaining maximum yields of various oil constituents. The study also developed nonlinear regression models that can be used to predict the yields of several constituents at specified DT. Results offer an opportunity for obtaining essential oils with various compositions from a single tree, just by varying DT. This study also demonstrated that comparing reports on essential oil yield, composition, or antioxidant capacity of the oil of Juniperus scopulorum may not be feasible if these different reports used different DT lengths. However, this study can be used as a reference paper for comparing results of reports where different lengths of the DT were used. 
